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© Novol hybrid pr»sticldaf toxins. 

< 

® The invention concerns novef hybrid postlcfd?! towns. These toxins are expressed fts the fusion protein of a 
COchimeric geno. Specifically cxempfificd is a novel EU hybrid tor-in. Tnose novel toxins have increased toxicity 
qJ against target pests. The invention also concerns a process for preparing a hybrid virus having an filtered insect 

host range. 
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NOVEL HYBRID PFSTJCtDAL TOWNS 

Background of ttte Invention 

Bacillus thuringjens* (B.t) Is widely uwd tor the microbial control of insects. The active component has 
^identiBedasapr^ if^eous paraspore also described * a cyst*. Following ingestion by < the^ect 
host the crystal is processed by put processes to the active orotea^rrastantforrn wh.cn .s toxic. Toxicity 
« oortulated to fallow binding of the active farm ol the toxin to the insect cells rcsullmg .n disruption ©I 
ceflular irttcarity through 0 receptor modfctod process (Knowics. B.H. et * il«KJ FEBS 168:197-202). 

A eSSrin of amino add sequence tor the prote** ^ated form of B. thunng.ensis var. kurSaW 
Hf>1 and HD-73 reveafe Ihet the amino-tormlnal (N-terroinal) half of the protein is highly conserved whereas 
, lw c^xy-tormlnal (Ctermin.1) * highly substituted in ^ence. In U.S. Patent 4.4B7.036 BJ™n^!E« 
var kurstaJd HD-I Is disclosed ss being available from the NRRL culture repos.tory Poona. IL It* 
acceSoTrTumber is NRRL 8-3792. B. thvnngi&nsis kumaki HD-73 is also available from the NRRL 
under accession number NRRL B-WBB. 

In addition to HD-1 and HD-73. the presence of an N-tcrminai conserved or constant region and a c- 
tormlnal highly cubrtituted or vwisbto region In the *ctive tnxbi has been demonstrated for B. lhunng>enr, |S 

^ '^S^H^nfSly, H.R- (1986) J. Biol. Chem. 2W£273-6290 have demonstrated that deletions 
el the amlno.ond enrtjoxy termini result in z loss of torirrty indicating met both region* of the active toxin 
to are required tor toxicity. 

Brief Summary of the Invention 

* The subject invention concerns novel hybrid pestictdsl towns. Specifically exemplified is an insecticidal 
fusion protein expressed a? a single polypeptide product of a hybrid genr comprising a cvtotoac agent arid 
a specific insect gut cell recognition ('binding-) protein to direct the cytotoxic agent to the host target 
rjeWK for the construction of a hybrid B.t toxin arc disclosed. The cytotoxic agent is an AOP-nbosytetirt9 

» ensyme. For example, the cytotoxic cgent can be the A fragment of the diphtheria toxin plus the B 
fragment of tho diphtheria toxin which tea boon truncated at the csrboxyl-terminus to remove the wkaryobc 
bmdina region. The diphtheria toxin peno 3 recognition domain js replaced with a syntjiebc DNA linker 
region to which a gene encoding the Msnct gut epithcltel cdl recognition portion of Bncillus thurlngrcnsis 

var. kurstaki HD-73 is liprtcd. _ 
■b ffwpuTpose of tne synthetic DNA tinker is to join pieces of otherwise non-ligatmg segments of DNA. in 
the sirtjjoct Invention, it is a critical clement of me invention because it most be of a suitable length and 
amino acid compofition to mlnimUo susceptibility to insect protease deavago. Thus, the peptide linker 
*euld be tc short 03 possible, e.g.. four or less amino adds, and it should not contain lysine residue^ 
There are other considerations in the use of a suitable Rnter. For example, the linker should manta* the 
« correct rcadmg frame and it should mairrteirt a continuum in tho hydropathy profile of the primary structure 

01 ^TTte rrwd hybrid B.t genr; can be transformed into a suitable host to produce the toxin which can be 
recovorcd by standardbiochemlcal procedures. Alternately, fhe transformed host containing the novel 
hybrid B t. gene cat dp used per se m insecticide, as disclosed hnroinafter. Though B-t-k. HD-73 is 
js specrficaiiv exemplified he*ein. the invorrtiw includes other mlcrobiaf Insecticides. 

Table I discloses the DNA encoding the half-length hybrid toxin. 

Table 2 disctero? the DNA encoding the qusrter-tonflth hybrid toxin. 

Table 3 dteddsec the amino acid sequence of the rdJ-lertgth hybrid toxin. 

Table 4 discloses the amino add sequence of the quarter-length hybrid town. 
* Table 6 cjw- rnotocutor wights of pctypep^ present m SeNPV and HzNW LOVAL proparat.ons 

determined Irom relative efectrophoretic mobilities. 

Table 6 shows hybrid virus InfBctivrty. 

Table 7 gives ret-tlvc molecular weights of polypppttoes as determined by electrophoietie moDiiny. 
The procece. described herein, am be applied to the (>tcrowv!l variable portion of active B. 
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thurtnpiertsis toxins other than var. frvrstaki HD-75. TlJeso inelwfelmc^ whkfo.r^M$^fc # variable 

roglon tn the C*tcrmio3l half of the r.cbve toxin. Examples nf such"tu.'s~!Sfc*8j* var. iOTapftyyJs , actlvo 

ctp.'tfns! mosquitoes; EU var. san dicgo and GU. var. tencbrionig , active against coieoptera; and B. 

sphaeffcus. active against mosquito tewae. Culture? exemplifying the above are as fdlovrs; ~ 
s Bacillus muringiensis var Kurclaki HD-1-NRRL E-3792; disclosed in U.S. Potent 4,448,880 

Bacillus thuringionsir var. isragtensfe ~ATCC 35549 

Badltos thunrtgtensis v,v. san tfcgo-NRRL B- 15939 

The following thuringicmsls cultures are available from the United States Department of Agriculture 

(USOA) at Brownsville, texa?. Request? should be made to Joe Garcia, USDA, ARS, Conor? Insect? 
to Research Unit, P.O. Box 1033. Brownnvffte, Texas 78520 USA. B. thurtrrgtensis HOZ 

R. thuringiensfp var, finltlmus HD3 

K thurfngiensls var. alesg HU4 

B. thurinpjonste vor. kurslaki HD73 

j-T thurinplfflste var. sotto H0770 
is a thtfringtenslr var. SenoVolImus HD7 

fcf. thuringtensls var. kcrryae HDS 

8. thurinojend? var, galleriae HP29 

B, thuringkmsif: var. canadensis H0224 

B. thuringtonsip var. ontomocidus HQ9 
no 8. thuringtensis var. suptoxicus HP 109 

B - thuringionplg var. rtowat HD1 1 

0. thuringtensj s var. trwrrrsoniWDIZ 

B. thuringionsls var. osfflrUae HD5Q1 

B. murtnglensig var. totororthi HD537 
« B. muringlensis var. darmstndtensto HO 1 46 

if thuringienste var. toumanoffi HL>#)i 

B, thurinojensfc var, kyimriuerrgig HD541 

B. thuringiensiF var. thompsoni HD542 

b. thuiinpjBnsir var. Pakistani H0395 
30 a thurtnglansi^ var. israalcnsis HD5S7 

B. thuringinnster var. lndiana HL>521 

B. thuringinnsis vnr. dakota 

a thurtngienste var. tohofcuensfs HDBee 

0. thurfngiensfp var kumanmoena'ri HD8S7 
35 B. thuringiensi? v,v. tochigiensis HD8C8 

B. thurtngicnSP var. colmeri HO&47 

b. thuringjorrsfc var. vruhanertsts HD525 

Other pasto'dai toxins which ecu be used ir telude those of entomopathogenlc fungi, such as beauverin 

of Boauveria bassiana and otestruxjns of Mctarrhtzium spp.; or the broad spectrum insccticidal compounds, 
40 such as the avermcctirts of Sfreptomycgs avermfflus TCultures exemplifying the above arc; as follow: 

Bsriltos cereus- ATCC 21^01 

BacfflUS moritaf -ATCC 2\2SZ 

ftadttus popiHiae- ATCC 14706 

Bacillus tcnUmort)uc ~ATCC 14707 
45 Bacillus ppftacrfcus- ATCC 33203 

Beawnrjatesgfan.v -ATCC 9836 

MetBrrrtiriurn anisopliae- ATCC 24398 

MctarrhJzlum llavovirido -ATCC 32962 

Strcptomyccs avermitauf -ATCC 51267 
so The technology of thr invention is not limited to the use of o'ipWhcria toxin as the cytotoxic agent as a 

variety of enrymw that inhibit protein synthesis can be urrrd, for example, the ribosomc inactivators such 

an riefn. dianthln, saporin. gctonin. trltin, abrin. modijccin. an well as enzymes from barley seeds, rye 

seecfes wild bonns, and corn secdn (see Stripe, r.. and Barbicri. L., li9B6J FEBS 195:1^. 

The subject invention is not Qmited to toxins active against insects, but ateo includes B. thuringiensfe 
ft toxins active against animal parasific nematodes, end plan: parasitic nematodes. In generaTany pesticide 

can or used. For example, it cstt bo a polypeptide which hst toxto actMty toward a eukaryotic muJticoflular 

pest eveh or* inscctr-, e.g., coieoptera, iecidoptera, d/ptora, hemiptcra. dermeptnra, and orthoptera; or 

arachnids; gastropods; or nrorms. such as nematodor. sna platyftetmmms. Various susceptible insects 
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include bcottes. mothr, flie3. p/o?shcpp€rs. Pee. and ennwos. 

The subject invention ak» includes a process for altering the insect host range of a nucl&ar 
polyhidrosis virus (NPV) by re-associating pclubifocd envelope proteins from one occluded NPV to another 
to produce a hybrid virus having An entered NPV insect host rangr. 

Tabic 1. DMA encoding half-length hybrid toxin 



10 7.0 30 40 50 60 70 SO 

eTCACOtfAAAACTCTTTttfCTCAATOT 

90 100 110 120 130 140 ISO 160 

170 iftO 190 200 210 220 „ . 230 240 

ATTCCATTCAJWWCOTATACJUlWUSCC^ 

250 270 290 290 300 310 320 

330 340 35C 360 370 380 390 400 

AffTCAC^AXCtUCCACTCACrAACCCTC*^^ 

410 420 430 440 450 450 470 460 

CTCTCACT6AACCUjTTGATGCACKIAACTCC£AAC 

♦90 500 510 520 530 540 550 5C0 

CTCACTOTTCrXTTCGCrCACGCGAGTrC^^ 

570 SRO 590 COO 610 620 630 640 

3Q 650 660 670 680 tf<>0 700 710 720 

ATCGTCTTOVrcCCATCACnCACCTA^ 

7?o 740 730 760 770 780 790 800 

AAaATAGACTCTTTCAAACM^TCGCC^ 

010 «20 93D 840 850 860 670 880 

35 AOTAAAC^TACCTAGAAGAATITCATC^C(K;CA^ 

990 900 910 920 030 940 970 060 

CCAATCCTGT ATTCCCTC^gCrAACTAiyCOC CGTCCCCACTAAACCTrGOCCJkACTrATC^ATACCGAAACAC CTGAT 

970 ?80 990 1000 1010 1020 1030 1040 

40 AATTTCC AAAAC ACAAL.' fbCfUd'C rTrcgATACFfrC CTCCTATCCCTACCGTAATC GG cattc cagaccgtcccgttca 

1050 1060 1070 10? 0 1090 1100 1110 1120 

C CACAATACAQUVGAGATACTGC CACAATCA/iTAC CTITCATCCTCrrTMXCCTTG CTCAA G CTATT CCATTGCT AGG AG 

L130 1140 1150 1160 1170 1180 1190 1200 

ACCgACTTCATA l ' lHlCT ri ^ C^ 

■» 

1210 1220 1230 1240 1250 1260 1270 128 0 

AA' rCOl t XCC CCTAITCrtX CC gQOtfAAAAC^C&AC^ 

1290 1300 1310 1320 1330 1340 1350 U60 

AGATTCCATAATCOyiACrriayiT^ 

W 1370 1380 1390 140O 1410 1420 1430 1440 

TCCa 44 »l E ' l CCr A CTACXGACgftlTCCre^ 

1450 1460 147 & 148C 1490 1300 1S 10 XMO 

AAAATAACCAttSOGTrcCA(3igCTOTAgAO^^ 
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fable 1 (continued) 
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153© 1546 1550 1060 1570 158* 1590 1600 

TCTTCCATflCTAACCTCTTICCAACAGTTIXXCAA 

f " 1610 1620 1630 1040 U50 . 1660 1670 1680 

CTActrrrcf^GccrcGcarr^ cc 

1690 1700 1710 177-0 1730 1740 1750 1760 

, 5 1770 1780 1790 1800 1010 1820 1B30 1840 

AGAATTCAOTTTCCCCTATATC 

1850 IBfiO 1P70 1B80 1090 1900 191D 1920 

TOTATAGAACATTATCCTCCACTT^ 

1930 1940 1F50 19*0 1970 . 1980 1990 2000 

W CCC ACAG AAlTiW ATC^AACCTCCTCAAATTTCCCATC CCCTt^AT ACIKG AAAAACCg CAACGyTAC ATTCX? CTCg A 

2010 7020 7030 20(0 7050 206O 3070 20B0 

TCAAAtACCPCCACACMTAACAACC^«t^CCTA«:CAACf^ 

2090 2100 2110 2120 3130 2140 2150 2160 

WCCrmCTAAXACTACTCTAAGTATAAT^ 

2170 2180 2X90 2200 3210 2220 2230 2240 

ATAATTCCATCGGATACTATTACrt^^T 

2230 2260 2770 22/JO 7290 2300 2310 2320 

AGGATCEACTCCTGGC5A£TTAGTTA£ATTAAATACTA^ 

23?0 2340 2350 7360 7370 23R0 2390 2400 

TTCACTrCCCATCCACATCTACCACA7ATCGAGTT^ 

2410 2420 2430 2440 2450 2460 2470 2480 

TGGOTAATTCMJCCATTTIWCCAATACACW^ 

75 2490 2500 2 310 2020 2530 2540 2550 2560 

mTTTTCAAAcrrcccAATGCTrrr^ 

2570 I5R0 2590 2600 2610 2620 

TGATAATA cacac attt g aatttattccagita ctg c aa cactcg actagtaggtccacacctt 
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Table 2. DMA encoding quarter- length hybrid toxin 



10 20 30 40 50 60 70 60 

GTC^CAOAAAACItTITTCttTrcA^ 

BO 100 110 120 UO 140 100 160 

170 130 190 200 210 720 210 740 

2^0 770 200 290 300 310 320 

330 340 350 J60 370 380 390 400 
ACOTACOWTCCMSCUiCtCtAec^^ 

410 420 430 440 450 AGO 470 4B0 
GTC*CACTGMCCGri^Ttt«ACXAAGT^^ 

490 Coo 510 020 S3 a 540 550 560 

570 580 590 COO 610 620 630 640 
ACTTGAGATTAA TT JL' 1 1- AAACCCCTCCAAAACgTCC CC AAG ATCQCATCT/VTC ACTATATGGCTC AACCCTCTCCACC AA 

CSO 650 £70 GEO 690 700 710 720 
ATOGTGTCACGCCATCACTACGTJU^CTCA^ 

730 740 750 7*0 770 780 790 600 

810 820 830 £40 a50 SCO 070 BfiO 
ACJCrrAAACAAtACCTA^CAArrrCArCAAACCGCA^ 

S90 ?00 910 920 930 940 950 960 
C^TCCTCTAlTa^tCCCOTAACITC^^ 

P70 9B0 990 1000 1010 1020 1030 1040 

aatttccaaaajgacaactgctcctctttc^ gtc ccgttca 

IPSO 105P 1070 1080 10PO 1100 1110 1120 
CCACAATA«CAK^AX^CTTOCAaUlTCAATO 

1130 114 0 1150 XlfO 1170 1180 1190 1200 

ACCTAC^TGATATTCUVlTCWClXiCaTATAArrXXCT 

1210 1220 1230 1200 1250 1260 1270 1280 
AA^CCTCCCCCCTATreiCC»GCGATAAAA£XCMCCA ll lH CATOACCGCTAyGCtCTCACTTCCAACACTCrTGA 

U90 1300 1310 1320 1330 1340 1350 I960 
AGATTCWTAftTCCGAACTCCrrTTO 

1370 1330 1390 1400 1410 1420 1430 1440 
lSSKXWrrCTCrtAC3^CCGAClATTCCt«55 



1450 1460 1470 USD 1490 1S0O 1510 1520 
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Table 2 (continued) 



1530 1540 1S50 1S S0 1570 1580 1590 U00 

TCTCCATGC*GGT£ CAE CTCCC^TCTTCrcrrXCCXTACATCCTAC TCCTCAATlTAAt3UirATAAr?CC^TOX3U!AClA 

1610 1620 Lf=30 1640 1650 16*0 1670 16B0 

tQ tt\ctcaaatcccxgca(?icaac ccxaa LTrnrrrr r caatc ctTCTCTAATwouacyu: ca^atttactcctccg gac 

1650 1700 17X0 17J.0 17?0 1740 1750 1760 

1770 17S0 1790 1000 1810 1620 1830 1040 

TACCAGATATOC^STTCCTCTACtM^ 

1050 10*0 IR70 1*80 JLBPO 1900 1010 1920 

1930 1»40 1050 %$GD 1?70 IMO 1990 2000 

a 2010 2020 ?0JO ?04D 



Table 3. Amino acid sequence of half-length hybrid toxin 
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Tho oo^ctor eymbol tor tte amino adds used in Tables 3 and 4 is wen known in [fte art. For 
convpnienw. the relationship of th* thnaHetter fibbrcviatipn and the one-tetter symbol for amino acjtfs te as 
follows: 



7 



EP 0 34$ 34S M 



to 



Afc 


A 


Leu 


L 


Arg 


R 


Lys 


K 


ten 


N 


Mot 


M 


A?p 


D 


pns 


F 


Cys 


C 


Pro 


P 


Gin 


o 


Ser 


S 


G(y 


e 


fhf 


T 


Glv 


6 


Trp 


W 


Kis 


H 


Tyr 


Y 


He 


1 


vai 


V 



Table 4. Amino acid sequence of auarcer-lencrth hybrid 
toxin 



1 


XSRKLFASIL 


I G A 




L 


G 


I 


G 


A 


P 


p 


S 


A 


H 


A 


G 


A 


D 


D V 


31 


VDSSKSFVHE 


KM 




y 


H 


G 


T 


K 


P 


G 


V 


V 


D 


S 


I 


Q 


K 


g r 


61 


QKPXPGTQGNY.DD 


D 


w 


K 


G 


F 


Y 


S 


7 


D 


N 


X 


Y 


D 


A 


A 


G Y 


91 


SVDNENPLSG 


K A G 


G 


V 




K 


V 


T 




P 


G 


L 


T 


K 




L 


A 


L K 


121 


VDNACTIKKB 


IGL 




L 


T 


E 


P 


I. 


H 


£ 


Q 


V 


G 


T 


E 


E 


F 


I K 


151 


RP6DUSR VV 


LSI/ 


P 


r 


A 


E 


G 


$ 


s 




V 


E 


Y 


I 


N 


N 


W 


E Q 


161 


AKAL5VELEI 


If F E 


T 


R 


G 


K 


R 


G 


p 


D 


A 


M 


Y 


£ 


Y 


M 


A 


0 A 


211 


CAGNRVRRSV 


G S S 


L 




C 


r 


K 




D 


tf 


D 


V 


I 


R 


D 


K 


T 


K T 


241 


KIEStKBHGP 


I K N 


E 


K 


3 


E 


c 


P 


H 


K 


T 


V 


£ 


E 


E 


K 


A 


K Q 


271 




E 




5 


E 


t 


K 


T 


V 


T 


G 


T 


M 


P 


V 


F 


A G 


301 


AHYAAWAVHV 


A Q V 


I 


D 


5 


E 


r 


A 


D 


M 


r* 


E 


X 


T 


T 


A 


A 


L S 


331 


ILPGIGSVKC 


IAD 


G 


A 


V 


H 


K 


N 


T 


E 


B 


I 


V 


A 


Q 


s 


I 


A L 


361 


S5LMVAQAIP 


L V G 


E 


t 


V 


D 


I 


G 


? 


A 


A 


Y 


N 


F 


V 


£ 


S 


I 1 


391 


HFQVVKHSY 


N R P 


A 


Y 


s 


P 


G 


R 


K 


T 


Q 


P 


F 


L 


H 


0 


G 


y a 


421 


V3HNTVK0SI 


IBT 


9 


F 


Q 


G 


E 


S 


G 


H 


D* 


X 


K 


I 


T 


A 


E 


If T 


451 


PLPIAGVLLP 


TIP 


G 


K 


L 


0 


V 


W 


K 


S 


K 


T 


H 


I 


S 


V 


H 


G R 


491 


KXRMRCRAID 


GOV 


T 


f 


C 


R 


P 


K 


& 


P 


V 


Y 


V 


G 


N 


G 


V 


H A 


511 


GAAPMFSWIK 


P, 5 A 


E 


F 


W 


K 


I 


I 


A 


s 


0 


S 


I 


T 


Q 


I 


P 


A V 


541 


KGNFLFtfGSV 


ISO 


P 


C 


F 


T 


C 


C 


D 


L 


V 


R 


L 


N 


5 


S 


G 


N H 


571 


IQNRGYIEVF 


I H f 


P 


s 


T 


S 


T 


R 


* 


R 


V 


R 


V 


R 


Y 


A 


5 


V T 


601 


PIHLSVHHN 


SSI 


F 


5 


H 


T 


V 


P 


A 


T 


A 


T 


S 


L 


D 


N 


L 


Q 5 


631 




AFT 




S 




C 


If 


1 


V 


C- 


V 


R 


K 


F 


5 


G 


T 


A G 


661 


VIIDEFEFIP 


VTA 


T 


L 


E 





























691 



1$ 



SO 



:v: - 

; ; ...... ! ! ! 

Tobies •» 



Rolaiivc molf^cufar weights of 


po!ypeptidc5 present in SeNPV and 


H*NW LOVAL preparations a? 


dctn/mined by SOS^xrtyecryUmido gel 


electrophoresis. 




STANDARDS 


LOVAL 




SbNPV 


HzNPV 


205,000 


>205.000 




QT fW krt „ 

y / .uw — — — 








85.000 


90.000 




f2.000 


76.000 






68,000 


60.000 








62.000 


65,000 




55.000 


5T.000 




50.000 


46jOOO 


45,000 


45.000 


45.000 




42.000 


40,000 






36.000 


36.000 








34.000 


34,000 




33.000 






30,000 


30,000 


29,000 


29.000 






25,000 


25.000 


24,000 


<34,000 


<24,00Q 


The polypeptides present in SeNPV 


and HxNPV LOVAL preparrJions wen? 


separated by poJyacrytemicte gel 


electrophoresis (7.5%) in thn presence 


of SOS as described (Uemmfi, UJC. 


[1S70) Nature (London J 227;$80^665), 
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Hybrid virus infectivity 


Number of Larvae Dead per 24 at 7 Oays Post-In faction 


LARVAE 


VIRUS 




SeNPV 


H2MPV 


SeHzNPV 


Buffer 


S. cxiqua 
H. 200 


24 
4 


9 

23 


19 
21 


I 

6 



LOVAL was suspended in buffer containing fO mM Tns-scfitate. 1 mM EDTa, pH B.O (TAE). Octyi 
fjlucoskfe was added at a ratio of 12 (vww) end the mixture war- incubated for 4 hours at 37' C with 
constant FtiaWng ct 200 rpm. Non-f-oiubiflzcd virs' protein w£s removed by contrif ligation at 100,000 g for l 
ss hr st 4* C. The supernatant ww disivrod with HteNPV LOVAL at a radon of 1:1 {wAv) for 24 hours oyakm 3 
changes of TAE buffer. The dish/rote was centrifuged st 100.000 g for 1 hr ct 4 *C. The $upematanj was 
dircarded and the pellet containing the hybrid wu? (Se"K:NPV) was rosi/sp ended in TAE buffer to be used 
in bioassay or for rjiaiys'p by SDS-PAGE. 
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Relf o*v*j molecular weights. 


STANDARDS 


SOLUDIUZED 
ScNPV 


HYBRID VIRUS 
Sc'HzNPV 


205X100 






97,000 






68,000- — 


50,000 


^0,000 


45,000 


43.000 


43.000 




3&000 


36.000 


36,000 






29.000 






24.000 — - 







In order to determine which of tho three polypeptide* extracted by octyl glucoside ^lublllzaton of SoNPV 
was rcspomibte for conferring virulence to the NzHPV hybrid virus <SCH*NPV) to Spodoptera oxlguo he 
SoS experiment was performed: The three SeNPV proteins extracted by octyl glueoade lab^d 
with «S Their,*:*) virus was prepared * described utrfr^ radiolabeled prolans and unlabeled HzNPV. 
An autoradiegram of an SDS^wlyacrylamide gel of trm hybrid virus showed all Ihree proteins to be 
associated with HzNPV. 



Brief Dorcfiptw" of the Orawinpr- 



FIGURE 1: Partial restriction ondonuclease msp o» MR436 coolnp sequence. 

FIGURE 7 HD-73 toxin binding to CF-1 cells. Cells were frcubnted with the indicated concentrations 
Q f unlabeled HD-73 for 20 minutes, men with radloiodinated toxin tor an additional 30 minutes. Bound 
radioactivity was determined as described in Materials and Methods. 

FIGURE 3: CNBr peptide competition with rsdiotodinsted HD-73 for binding to CF-1 cells. HD-73 
tow. was digested with CNBr and diaiyzed. CF-1 cells were Incubated the indicate concentrations of 
the digest peptides for 20 minutes, then rift rndtolodirtated Hl>73 toxin to. an additional 30 man**. Bound 
radioactivity wt* determined as described in Materials end Methode . .,._,„„, 

FIGURE 4: Diphtheria ^catalyzed ADPW^tton of EF-2. Partially punl^d EF-2 from wheat 
germ wi* incubated with the indicated concentration, of diphtheria toKin for 10 minutes then wtth C-NAD 
lor an additional 30 minutes at 37* C. The reaction was terminated by the addition of crtd TCA. the 
precipitated protein was recovered and counted for mdioacUvity as described h Materials and^thoda 
The stents-, of ribosyteUon aro expressed b a percentage of mat obtained with saturating concontraiions of 

aphtherfal toW^ to)dlMate)v2Bd ribojylotinn ol EF-2. Who* g*rm EF-Z was incubated wHb quarter 

i mi or half length (a) hybrid toxins at the indicated concentrations for 10 minutes, men with 1 C-NAD for 
30 minutes. Samples wore processed as dererlbed tor Figure 3. Ribosytatton is expressed as a percentage 
of that obtained vrim b saturating concentration of dipmheria toxin. 

FIGURE 6- inhibition of protein synthesis in CF-i cells by KD-73 town. Cells were .ncubatod wrth the 
indicated conccn'tratons of toxin for 20 minutes, then assayed for incorporation «"^™^£ T °£ n . 
as described in Materials and Mflthorto . Results arc expressed ss a percentage of that obtamrd for CF 1 
eellc in tttc ahsencG of toxin. . . 

FIGURE 7: InhWtten of protein .yntheds in CF-1 coOs by hybrid to**. Ccflr, were exposed te 
quarte r or half tength hybrid towns for 1 or 24 hours, me assayed tor "C-toucute .recwtfwf. Into pratem 
as described in Materia? and Methods. Percentage inhibition of protein synthess was determined by 
caparison to corrtroUSi! wWdi^rMncubated to. idemical time intervals in Hie absence of hybrid to»ns. 



Detailed Description nl the Invention 
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Novel hybrid todnr are produced by fusion ol a pesticidal toxin to a cytotoxic agent. Specifically 
ocompHned hereto is a hybrid CU. town prepenv. by tusion of tfw insect gut epithelial ce« recognition region 
3 of a B-t gene to diphtheria toxin B chain. 

The hybrid toxin gene of tho subject invention can be introduced into a wide variety of microbial hosts. 
BcDTC-ion of the toxin geno results, directly or indirectly, in the intracellular production- and maintenance of 
the p*Md* With suitable hosts. e.g.. Pseudomonas , the microbe can be applied to the situs of 
coloopteran Insects when? Ihev will proliferate and be ingested by the insects. The result is a control of the 
to unwanted insects. Alternatively, *» microbe bating the toxin geno can be treated under conditions that 
prolong the activity ol the toxin produced in the cell. Trie treated cell then can be applied to the 
environment of nrgct pestfr). The resulting product retains the toxicity of the g± to*. 

Where tho B.t toxin gene Is introduced via a suitable vector into a microbial host and said host * 
appned to the orT^ronment in e living *ne. ii te otpciHW that certain ho* microbes be used. Microorgafv 
rs ism hortr are selected which are known to occupy the "phytosphere" (phyilopfane. phyllosphere. 
rhizosphere. anovor rhizoptane) of one or more crops of interest These microorganisms ere selected so as 
to be capable of successfully competing in the pellicular environment (crop and other insect habitats) with 
the wild-type microorganisms, provide for stable maintenance and expression of the gene expressing the 
polypeptide pesticide, and. dcnirnbly. provide lor improved protection of the pesticide from environmental 
po degradation and inacKvatton. v 
A large number of microorganism? nrc known to inhabit the phyiloplann (the surface of the plant leaves) 
and/of the rhteosph*re (the soil surrounding plr-nt roots) of a wide variety of Important crops. These 
microorganisms include bacteria, aigse. and fungi, or particular interest are microonoanisms. such as 
bacteria, eg. genera Pseudomonar.. Erwinia. Serratla , Klebsiella, Xnnthomonas . Stroptomvces, Rhftobium, 
25 Rhndo^eiidomonag. Mothytophllius, Tjfoba^.um. Acetobacter , Lactobacillus, Arfrrobacter, Agtofrgter, 
Uuconontoc and " A icaligoner:: fungi, particularly yeast, e.g. genera Saccharomyces, Cryptococcus, 
Kluyveromyc er, Sporobolom7ces> Bhodutoruls . and Aureobasidium. Of particular intorcftt are such 
ohvtosDhere ba cterial species as Pc?udomonas sytingac . Preudomonas fluorescent Sorraba marcescens, 
Acctobacter xvtfnurn. AQrobacteriurTTSr^^ fthodop^udomonas sphcroides. Xanthomonas cam- 
oo 005tri5 Hrtiz o'bWmellotl. Afc3Jlg"onr7s entrophus , and Azotobacter vtmandft ; and phytosphore yeast species 
JuctTasTho^^ H. marina. R. aurantiac*. Cryptococcus olbidus , C. dtfflunns, C. 

laurentii '^S^v^(^e\7^^r\^, S. cerevisiae, Sporoboiomyces roseus, s. odorus. 
Kluyveromyces voronac, and Aureobrrldtum pollulans . Of particular Interest are the pigmented microorgan- 

j 5 A wide variety of ways are salable for introducing the Bi. gene expressing the toxin into the 
microorganism host under conditions which allow for stable maintenance and expression of the geno. One 
can provide for DNA conf*ructs which include the transcriptional and trenslatfonaJ regulatory signals for 
expression of the toxin gene, the toxin gene under thnir regulatory control and a DNA sequence 
homologous with » sequence in the host organism, whereby integration will occur, and'or a replication 

40 system which Is functional in the hort. whereby integration or stable maintenance will occur. 

Tho transcriptional initiation signals will include a promoter and a transcriptional initiation start site, in 
some instances, it may bo desirable to provide lor regulative expression oF the toxin, where expression of 
the toxin will only occur after mtease into the mvironment. This can be achieved with operators or a region 
binding to an activator or enhance, rftich cro enable ol induction upon a change in the physical or 

45 chemical environment of ih* microorganisms. Tor example*, a temperature sensitive regulatory region may 
bo employed, whnrc the organism? may be grown up In the laboratory without expression of a toxin, but 
upon release into the environmom. expression would begin. Other lechniquDs may employ a specific 
nutrient medium in the laboratory, which Inhibit? tho expression of the toxin, when? the. nutrient medium in 
the environment would allow for expression of tho toxin. For trenstatfonal. initiation, o ribosomal binding site 

so and an initiation codon will be present. 

Various manipulations may be employed for enhancing the expression of the merger, particularly by 
using en active promoter, as well a? by employing sequences, which enhance the ctabiGty of the 
messenger RNA. Trie initiation and translations! termination region will involve stop codon(s) ( a terminator 
reoion. and optionally, a pdy^denylation signal. _ 

cs In the direction ol transcription, namely in ihe 5 to 3 direction of the coding or sense sequenco. tho 
construct win involve the transcriptional regutetory region, if any, and the promoter, where the regulatory 
region may bo either 5 or 3 of the promoter, the rtoosomaJ binding rite. Ihe initiation codon. the structural 
oone having cn open reading frame* in phase with tho inaction codon. the stop codon(s). the polyaoenyfa- 
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einnal .^uanc if pny and the terminator region fhis scquem» as a double strand may be used by 
£j ttSEZ i a' m nanism host, bu, will osuoOy * deluded with a DNA ^ in^ng 
Tartar where the second DNA sconce may be joined to the to** expression construct dunng 

. ^rL^TsSure, gene whfcn provides tor Action of those ^ which hove been 
rnodi £d or transformed. Thn marker will normally provide for sc^ctive advantage tor ex,m P lo. proving 
f^b oYtoe rcdstoncc, e.g.. resistance to antlbioUc or hrnvy comp.ementaton. ,0 a* to prov,d, 

ZZrm to nn ouxotropnic host, or the like. Preferably, complements is employed, no that me 
mcTnedWt may not only be selected, but may also be competitive In the IteWL One or more meters 

, 0 nW bVerS^in the development ol the constructs. as noli <* <or modifying the host The organisms 
' to farthe, modified by providing tor a competitive afvantage *gafnst other wild-typo mlcroorgswlsms -n 
Z^ flx cZ*?. J^ ZZ^ met* chel^np *cn*. »*.. slderophorcs. may be introduced *to 
Z nSZg «Hh the rtvetura. m ? expressing the .oxfn. In this manner, the enhanced express^ a 
^rophoromny provid* lor a competitive edvantege for the toxin-producing host, so that It may effectively 
,v»noetG wftti the wild-typo mfcroorganismc end stably occupy r. niche in the environmerrt. 

^no^^7cpS^ » present. ,he construct « m Mu* « ma of at too* 
50 basepairs (bp), preferably at least about 100 bp. and usually not more. Own about 1000 bp of o ooquonco 
horSScs w«h a sequence in the host, h this way. the probability of legitimate tecomMn » 
~hancedso tha the qm» will be Integrated into the host and stably maintained by the host Desirably, the 

» toxin gene will be in close proximity to th* gene providing for complementation as well as the gene 

* SSJETfr me competitive .Vantage. Therefore, ft. me even, that a toxin gem .to* th» rearing 
orgensm vrifj be likely to also lose the compterncntnq gone and/or me gene providmg tor tfu. »mpet>t.ve 
advTntago. so that it will be unable to compete in .he environment with the gene rotnlmng the ,n.act 
ffui^f rucL 

„ A large number of transcriptional regulatory .eoio,« are aveitoWe from j> wide variety of microorganism 
hosts, such » bacteria, bacteriophage, cyanobacter*. agae. fungi, and the like. V ™™^ n £™* 
regulatory regions include the regions associated with the trp acne, lac gene, gai gene, the lambda left and 
right prom<rt®£ the Tac promoter, mo naurany-occv.rino promoters associated with the ^n g^e where 
XT in the ho*. See for example. U.S. Pstent Nos. 4.332.893. 4.342.832 and OSWOT. Tho 

. termiricrtlon region moy bo the femintfon region normally associated with tfu, .ranscnpUonal inibabon 
region or a different transcriptional initiation region, oo long as the two regions sre compaSbfc and functional 

" *w!S' stable epfcomal maintenance or integration is desired. plasmid will be employed which has a 
replication system which is functional in Ite host. The replicaion system may bo derived from the 

a chromosome, an epfeomal etenwr* normally present in the host or r. different host or a replication syfttm 
from n virus which Is stable In tho host. A large number of ptasmlds aro avnrtable. such as pBf«Z2. 
PACYC184. RSFI010. pR016H. and mo like. See for example. Otecn P . al.. (1982) X Baxter' 0 '- x ^ 069 ' 
^Bogdasanan et «!.. (1981) Gene I62S7. ^nd US. Pnten. Nos. 4.350.270. 4.362.817. and 4^1.625. 

The Bi. qciw can be Introduced between the transcriptional and branstationol initiation region and me 
transcript and trenslational termination region, so as to be under tho regulatory control of the iniuaf on 
region This construct will be included in * ptemid. which will include at least one replication system, but 
mw induds more thnn one. where one replication system I? employed lor doning during tho envelopment 
of the plasmid and tho second rapHcatien system is necessary tor functioning In the ultimate host. In 
addition, one or more m<vt*rs m«y bo present, which have been itejcrfbed previously. Where integrobon w 

4s desiri^.me^midr/illderfrablyiridu(feasequerecto 

The transformant? cm bo isolaied in accordance with conventional ways, usually employing a selection 
technique which (flow* tor selection of me desired organism as against unmodified organisms or 
tranf (wing oroamsmE, when prarcnL Tnc translomtEnts then c?n be tested for pestodal activity. 

SuiiaWo host cdK where the pesficrdo-containinB wfe w»l be treated to prolong the activity o the 

» town in the cofJ whon the then treated cell ic applied to tho environment ol target pestfc). may Indude either 
oroknryott* or eukaryotes. normally befnu limited to those cells «hfch do not produce substances toxic to 
higher organisms, such a? mammals. However, orpamsms which produce substencor- to«c to h.gher 
omanisms could bo used, whore the to>Sn Is unstable or the tevrt of application sufficiently low as to avftd 
anTpossibility of towcity to a mammalia host. As hosts, of particular interest win be ttw prokaryotes and 

« me tower euteryoter. wch as fungi. Illustrafive proksryotes. bath Gram-negative and -positive, include 
Emerobactmaceae. such as Escherlchir, Erwinir, Shigella. Salmonella, and Proteus: Baclliaceae: 
Rhizobiccao. such ts RNzoMum: Splfillaceao. such c= photobacterlvm. Zymomonae. Serraoa. Aeromon^ 
Vibrio Desugovifaio. Spirillum- . Uctp&arinaceae: Fseuoomonodaceae. such as Pseudomonas and Aceto; 
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tedor /ttowtacteraceae and NrtrobrrtoracLe. Wig Mtofaw areWgfc such** ^y&mycates and 
«hich include yr««i. such a* Sacch^^ g^?^ 0 *^ 8,1(1 

SS^t4- oTparticularlmi^rirselccting a heit cel. lor purpo.es cf product™ delude e«e of 
irteft^noto Bi. erne into the host, availability of expression systems, elffcioncy Ol ttpnssnu stab.1 ty 
?SSS.FJ!X«. and the prince of genetic capabiKbes. Characteristic of '"^ est - 

li I « Ta pesticide microcapsule include protects qualities for ft* pesBcide. such bI fcck cdl walls. 
MtnfeTnrt intracellular packing or for*.** of IncMon bodies; leaf Mniqr. Wc «* «™*"» 
toddtr attractiveness to pes* lor lmx*tion; case ol kilting aid firing wilhout damage to tho to»n; and the 
Uke. Otter execrations include esse of lormoldJon and handling, economlce, storage stability, end the 

' llW 'rto5t omantams of particular interest include yeast, such t» Rlicdotorula sp.. Aureobasidium sp 
Sacchsromyces sp.. and Spwototanycc* *p.: phvlloplane organisms such as P«*»™«! sp.. Bwmto 
«T and l-lavo b i cteriurn s p.: or 5U ch om^r o rganisms as Eghortehfa. Lactobacillus cp, Badfcs 5P .. and the 
rite Sp ccllic organism s include Psetttomortas aerugJnrjsa. Pseudomonas fluoroscens, t>accharomyc9s 
cwevisi*>. Badllus thurlnotensis. Esdwicnia coS. BaclHus subrjlis . and the like ina 
— Thecal will usually be intertlSd^ubPtsntially in Ore proliferative form when treated, rather than in a 
;pore form, almough in come- instances spores may bo employed. _ - - _ — - ■ 

Treatment of the microbial cell, e.g.. o mlcrobo containing the Bj. tojdn rjene. can be by chemical or 
physical means, or by a combination of chomiccl and/or physical moans, so long as the technique does not 
deleterious affect the properties ol the toxin, nor diminish the cellular capability to protecdng Ite toon. 
Examples of chemical reagent* arc halogenaling agents, priaMy halogens **™y £^5™ 
particularly. Iodine can be wed under mild condition* and for sufficient ttne to achieve he desired Ircsults. 
Other stable techniques Include treatment with rJdehydes. such as formaldehyde and glutaraWchyde; am.- 
infeceves such as zophirsn chloride end cotylpyridinlum chloride: alcohols, such as iropropyl and ethanol: 
various histologic fianthns. such as Bouin's fir^ivr and Hefty* fixative pr*c Humason. Grctchon L. An.md 
Tissue Techniques. W.H. Freeman aid Company. 1907); or e combination of physical (heat) and chemical 
Men* that pre«*vp and prolong tho acfcOy of me toxJn produced In the ceD nhen tho cell is administered 
to tho host animal. Examples of physical mcsnr- m* short wrrvclcngth radiation such as gamma-rad.aUon 
and X-rad'iaBon, freezing, UV irradiation, tyophilfcaiion. and tho like. 

The cnlls growaBy will have enhanced structural stability which wffl enhance resetance to environmen- 
tal conditions. Where the pesticide is in a preform, the method of inacBvorjon should be selected so as not 
to inhibit rxecosstna ol the preform to the mcture form of the pesticide by the target pest pathogen. For 
example, formaldehyde will crosslink proteins *nd covW inhibit processing of the proform of a POhTOMW 
rwsfcido. The method of inactlvation or killing retains at teart a sutetanUal portion of 0» Wo-avBllaWDty or 

bioactivity of the toxin. ^ 

The cellular hort eontoMnp the B.t. insectJcidd gone may be grown m any convenient nutrient medium, 
where the DNA construct provideT?. selectrve advantage, providing for s selecbve medium so that 
sobPtwitjrJIy all or dl of the cells retain the at ofsns. These cells may then be harvested in accordance 
with conventjonrJ ways. Alternatively, the colic- cr-n be treated prior to harvesting. 

Tho Bt e/Hte mav be formulBtcd In a variety ol ways. Thny may be employed *> wettable powders. 
aronulwlT durts. by mixino with various irmrt materials, such an inorganic minerals (phylfasilicates. 
carbonates, sulmtoc. phosphates, end the like) or botanical materials (powdered corncobs, ncc hulls, walnul 
shells, and the Ifce). Tne formulations may include sprcadw-sticker adjuvamr, eWtfUing agents, other 
pestJcldai oddifvor.. or surfactants. Liquid formulations may be aqueous-based or non-aqueous and 
employed as loams, gels, suspensions, emulsffifsble concentrates, or the like. The Ingredients may Include 
rheriogjcal agents, surfactants, emulators, dispersants. or polymers. 

The pestickfrl concenrration win vary widely depending upon the nature of tho particular formulation, 
oarlicularly whether it to o concentratP or to be used directly. The pcfBcido win be present in at least 1 % by 
wnlqht and mav be 100% by weiohr. The dry formulations wW have from about 1-95% by weight of the 
rjcsticldn while' the liquid forrrwtoijonr. will generally be from about 1-€0% by weight of tho solids m «» 
liquid phno. The formulations will generally hsvs Irom about 10* to about 10* COfls/mg. These formulations 

wll be a^^ed 31 about SO mg flir^ „. , . 

The formulations can be applied to the environment of the cofeopteran pest(s). e.g.. plants, sort or 

wrier, by spraying, dusting, sprinkling, or the like. ^ 

Followirra r-n .aamo'leE which illustrate procedure-, inctuding the best mode, lor pracbong the 
invention. Thcec e«.mpl«» should not be conslrucd as limiting. AO prrccntngrs: are by weight and all 
solvent mixture proportions arc by volume unless otherwise noted. 
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Biomplc 1 • Construction Of £ Hybrid Toxin Containing Near-fufl t*n«h at. Toxin Fused to Plplttheoa 
Toxin frChain 

A partial restriction endonudpas© m*p of MR436 protoxin coding sequenco is depicted in Figures 1A 
5 and 1B. Protein coding sequences from the Initiator methionine to beyond the Xhoj site were derived from 
Bt «irein HD-73 town." Approrimotely Mi of the protoxin at tho smfno- terminal end corrorponds to active 
t53n. For HD-73. the Xhol ate conveniently separates toxin and protean sequences, A fragment from 
plasmid MR436. corrtninTng newly fuNongth HD-73 town coding sequences, was isolated by Nsil and Xhol 
double-digestion and gel-purification. This fragment contains amino acids (M) cys 10 to gkr 13 of HD-73 
io (Adarrg. MJ. 01 aL [1985J Gene 36:289-300). Plasmid pBC5C8 (see Murphy. J.R el al. [18801 Proc. Nat 
Acad Sci USA 83£252-8262. for resbicSon map) which contains the B-chain of diphtheria toxin, was 
digested with Sphl and Hindin. The Sphl or digested, get-puriM pBC508 {minus tho small ^hl-Hindm 
fragment) wasTbTnod tolHe Nsil site cf~HD-73 DNA using a synthetic DNA oligonucleotide adaptor set: 
5 - CA6GTT6CA-3 
is 3 - GTACGTCCA-5 

The adapter? regenerate the Sphl site, eliminate the Nsfl site, mafntsin me correct translation reading 
frame, and add two' amino acids la&gly) between diphtheria toxin B-chain his^*' md HO-n m™ ' 
details? of tho fusion junction, with the adapters ooKeo. arc shown below: 
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35 



30 



Gly Val KJls Ala Gly Cys He Pro 



3» . . . GGT GTG CAT 



GCA GGT TGC A^T CCT 



GGT GTO CMJ^ ^ 
3 - CCA CAC |GTA CCT CCA[ ACG TAA GGA , ♦ . 5' 



diphtheria to*in 
B-chain 



HD-73 



35 



The Xhol site of HD-73 was joined to the HjftdUl site of pBCSOS with a synthetic cfigonucfootide adaptor 

sen 

5' - TCGAGTAGTAGOTCGAC - 3' 

3' - C ATCATC CAGCTGTCG A - 5 r 

The adaptor set reaenemte? the XhpJ site, adds a Saji site to the construct for use In subcloning, 
<*> eliminates tho HWIB sfto and inserts two in-frame transitional termination codons. Tho dtfail of the fusion 
[unction, with theadapters boxed, arc shown bolow: 

Thr t>u Glu term, texro 



43 



so 



5 f ACA C frc GAG TAG TAG GTCGAC ^GCTT . . . 3' 

3' TGT GAG CT ^ ATC ATC CAGCTGTCGAfi . ♦ * 5' 

HD-73- pBC508 

r ne correct construct was identified by restriction enzyme analyav HD-73 coding sequence was 
confirmed by the presence of unique estl and Asull sites. The Sphl site was regenerated and a SaU site 
created, confirming presence of Onkers. Uigestton wtth EcoRI conlirmcd correct orientation of HD-73 coding 
sequence with respect to the diphtheria town B-dwin. Finally, combination?, of enzymes which cut the 
hybrid toxin construct (donated p2B> at c fusion junction and/or internally gave DNA Iragments which 
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ccmigrated «ith foments general by d£»& Vta43*\fiw. VO&^thin ftnHs of 

resolution of trie gel system aro shovm below: 



p26 



MR436 



Sph I * Sai l Noil x Xhol 

Sph I k Xhol gsll x Xhql 

io SphI x AsuII NsJL I x Am*" 

Sph I k SstI Wsil x SstI 

Sst I x Xho l SstI « Xhol 

, 5 AsuII x Xhol AsuXI x Xhol 

The correct translation! reading hwno at the fusion junction between diphtheria toxin ! . 
73 codng sequences «tf verified by dKeoxy PNA seeing of p26 uringj synth*t* <*™^ 
» primer oLsponding to nucleotide. 500 to 523 of the diphtheria toxin gene (Murphy. J.R. [1985J Current 
Topic? Microbiol, Immuno l. 11 3:2 35*251): f 
5 - GACG6TGATCTAACTTTTTGTCGC - 3 

2Q ^pjc^.cm^^^ojHy^ 
Kused to Diphthoria Toxin B-Chain 

Ptosmid pZ6. described above, served CS the sulfate lor additional hybrid toxin constructons^ Two 
construct- wnrc operated «Nefi cither fuse KS** of diphtheria to«n frchan to am.no aacfc ; 
» SSSJ" - HMS (Pl^ contfruct pf 31). « of diphtheria toxin B-Ch«.n to an™ pCrfAtf" 
trough GLu"* of HD-73 (plnrmid construct pii). Hybrid tort, ptosmld p151 was genera^ by rcstrfcWn 
diction of pS vrfth SphI and AsuII. gcl-purificalion of the DNA fragment conlanng pBCSDB pk» HD-73 
coding (or Arg* F th^lFthe cystic ^l-M adaptor (described above), and rrvhgafon of tho SpM to 
tho AwH site vrith s synthetic oligonucleotide edeptor set ol !he sequence: 

35 

V - CTAACCTGTTT - 3' 
3' - 6TAC6ATTGGACAAAGC - 5' 

* The rdoptor set regenerates the SphI and AsuII sitor, maintains the correct translation.* reading tamt. 
and Ihmto to* nm.no adds (A^A^Phe. bitneon H*»« of the diphtheria town B«^Arg*^ 
HD-73 coding rcqunnco. Details of (he predicted construct n mo fusion junction. wrth the synthete adaptors 
boxed, aro showi below: 

* GXy val Kin Alo Asn teu Phe Arg Thr 



, , GGT GTG CAT <fo AAC CTG TTt|_CGA ACA ... 3' 
r _ ~ /*r»n 

CCA CAC 



so 
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GTA CGA TTG GAC AAA GCj T TOT . . . 5' 

diphtheria toxin ro ~ 73 
B -chain 

Recombinant piaanltt were ^resned UK me presence of the SphI site, and ^™ r ^™*«*° 
jn „- demonstrated by agarose goMft* of EcoRI dusted p* and p15l. and by double** 
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compnnnap^tAsunxS^DwithpiSi (SpnixSail). 

Correct trans^onaTfiading frame si the rusion (unction was verified by cfrdeoxy DNA sequencing of 
pl5l vyitb thr synthetic snqufinclng primer used for p26 (above) and with o second synthetic 
ofigonudeotide sequencing primer which correspond!:, tu nuclecGdes 479 to 499 of the diphtheria toxin 

c structural gene (Murphy. JR. [19B5] f up/a): 
5 - AGGATGCGTTQCACA6CTATA - 3 

Hybrid toxin ptesmid pi 1 was constructed by restriction digestion of p2S with Sphl and Sstt, gel- 
purftotton of the DMA fraoment wntnlninq pBC508 plus HD-7S coding for Ala* 50 through the synthetic 
Xhof-Hindlfl adaptor (described above), nnd re-Hu/ition of the Sphl to the Sstl sltB with a synthetic 

w oiigbnudeotide adapter set. 

5 r - CAGGTGCAGCT - 3' 
3' - GTACGTCCACG - 5 f 

The adaptor set regenerates tho Sphi site, eliminates me Sstl site, maintains the correct translations, 
reading frame, and Inserts throe amino scide (Afc-Gty-Ah) between His^ of the diphtheria toxin B-chain 
and Ala* 50 of the HD-73 coding sequence. Detail ot ihe predicted structure at the fusion junction, with 
?o synthetic oligonucleotides boxed are shown below: 

Gly Val Kiss Alo Gly Ala Ala Pro 7 
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5' ; . . GGT GTG CAT Gp GGT GC A GCT 
3' , . . CCA CAC 



CCT . ♦ - 3 



GTA CCT CCA CGp CGA GGA ... 5' 



diphthexia HD-/J 
00 toxin 3-chain 

Recombinant pfcsmlds were Pcrcennd for tho presence o* the Sphl site, and the correct size of the 
insert was demwtstrntod by egnroFC getting of Eco RI digests of p11 compared to p26. and by muW- 
35 enzyme digcrt? comparing pi i with p26 & follows: 



p26 




Sphl x Sail x Sstl 
m\ x Sail 


Sphl x S£l 
Sphl x Sail 



Correct translations! reading frame et the fusion junction wot demonstrated by dideoxy DNA sequen- 
cing of p1 1 with tho snme two synmetic oligonucleotide orimers used for pi 51. 

-tr, 

Example 3 - Construction of Hybrid Toxin Expression Vectors Containing fused Coding Sequences for 
Dtphtrtena"Toxjn A-UnaltT and Truncated e-Chajn and HD-73 

w HD-73 coding sequence DNA fragments were exctsso from plr^mlds p28. pi 51. and p1l by digestion 
with Sphl and Saflr and gel-pimTied. These gel-purified fragment? wore used for construction of a hybrid 
toxin "e^resrion vector containing diphtheria toxin A end tJ-chdns end HD-73 cocDng sequences. Assembly 
of the hybrid toxin expression vector was: done under BL-3 contanment conditions- Plasmid pABI508 was 
Digested with Sphl end Sail to remove intcrteukirv2 (IL-2) coding sequence DNA. The vector (minus IL-2) 
was geHJurffieT"Purincd^hl x Safl HD-73 inserts were Koeicd scpanttnfy to the purified Sphl x Sail 
pAB1503 vector DNA. The ligation mixes were used to tra nsfo rm E. cofj strain SY327 colls. Correctly 
assembled hybrid toxin plasmWs were '(derrtilied with Western biota b? thetr .ability to produce anti-HD-73 
immurtoreactive materia) under control of the constitutivcty ubTt^d ptox promoter of the diphtheria toxin 
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o^ lhosis of mr ee size dnse** of iJrm«»J*e£C^fl?i*»B* ^,s.Pe»fi«J.'Af3*id > a)xln maris iwith 

Sb^STS? HD-73DNA9avo i^munorsacuvo protein which between the 116 M I and 190 W 

£S^£r fcomputerSnera^ molecular weight is about 126 kd). A hybrid toxin made with the 
STftirJS h£5 1% Mununoirofto protein which migrated between the 84 kd and 1 16 kd 
r SrtrSn'dSrdV (computor-prodieted molecular weight is about 98 kd). A hybrid toxin made with tho P 1 1 
5E£T!!!£ teJ iONA ga» an immunorcsetive protein which migrated between .he 58 kd and 84 kd 
pTSteln standard* (eompoter-predlcted motecuter weight is about 76 kd), 

io Exanipto 4 - Expression of Hybrid Toxins in E. coli 

Under BL-3 conialnment conditions. E. coS cells wro grown in LB medium (with or without ampidlBn) 
overnight m 30' C. Colls were coNncmd b7ce75rifuostion end treated by one of the knowing three methods: 
<al Whole cells wen? Wiled with ullravlolet irradiation and kept on ice. 
,r b) Pwiplrsmie protein extracts were prepared from whole cells. CeB pellets wore resuspended in 

icr^old buffo, • conWnirw 20% sucro^O mM Tris-HCl. pK 6.0. 1 mM Mhyterwdiaminetotraacet.C add 
(EDTA) A volume Of cold buffer containing 15 mg/ml rysozymc. oqual in volume to the vohimn used for 
resorpen-Jon rim ndded and incub.-lton proceeded for 20 minutes ?i 4 C. Celb were removed by 
CMtrffugatJon and the supernatant containing the poripb«™e p.oteins was sonfcaW and filtered through 
0 45 uM filters. filtered extract was frozen. The msjorlty of hybrid toxin molecules in ths extract should lack 
.hn diphtheria town leader sequence (amino acute -1 to -25) (Murphy (19651 supra) which should bo clipped 
di«r« secretion into the perlplasmic space (Mirrphy. John R.. U.S. Patent No. 4.G7S.3B2). 

(0 VVr»KH*ll attracts were prepared by disruption with a French Press (French pressure ceH- 
laboratory hydrnJc pros-.) as roffows. CeU polMs resuspended in ice-cold buffer conjamg 20% 
glycoroWO mM Tris-HCI. pH 7.4/lmM EDTA/1 mM dtWothreitol (OTTyopproxImately 1 mM phonylmethy I- 
culfonyt fluoride (PMSF). Cells were disrupted twice with me French Press at 12.000 to 14,000 psi. Cell 
extracts worn frozen. The hybrid towns should be a mixsd population ol molecules with respect to the 
presence of tho diphtheria toxin teao>r r-cquencr (amino adds •! to -2S) since some molecules were likely 
not secreted. 
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Example 6 - Purification of Hybrid Town 

An imrmmosdsorbnnt resin was constructed by coupling en equinr polyclonal diphtheria tr^n anybody 
(Connaught Laboratories. Swiftwator. PA) to cyanogen bromide (CNBrhacth/awo SEPHAROSE 46 
(Pharmacia Fine Chemicals. Pfccataway. NJ) by following the latter manufacturer's procedure. Bnefly. 3 g of 
lyophilizcd CNBr-activaled SEPHAROSE™ was cycled into and rcpeatodly washed ^ ' mM "f'- ™ 
XnQ swollen got was then washed with coupling bufler (05 M NaCI nnd 0.1 M NaHCft^H 8.3) An 
aliquot of the diphtheria town antibody corresponding to 60 mg wos r-wpended in coupling buffer * a final 
conccntr.-Uion of 5 mg protein to 5 ml bufler. The SEPHAROSE'" and anubody solution were then 
combined and allowed to incubate « room temperature tor 2 hours with end over end mixing. Followmg tho 
Incubation period, the resin was briefly centrifuced (lOOO «, k 15 min) and tho supernatant was removed. 
Residual unoccupied reactive proups on the resin matrix were Mocked by the addition of 0.2 M glycine. pH 
80 and ailowtnp to Incubate as before. Finally, the imrmmoodsorbent W3S washed sequentially in high and 
lew pH buffers (coupling buffer and a Duffer comprised of 0.1 M NaCI end O.i M NaHCO,. pH 4). This wash 
was repeated 4 time? to ensure that ionically bound free ligand was removed. This procedure resulted m an 
overall coupling efficiency of 95%. rhc prepared Immunoadsorbent contrannd 5.7 mg lirjand por ml resm. 
The immunosorbent wo? prc-equWbrated with tosoing buffer (100 mM Tri>CI. pH 7.4. 20% glycerol 1 mM 
Na ? EDTA. 1 mM PMSF. 0.17. nonidet P-40 (NP-40) and 0.1 mM DTT) at 4 C prior to chromatography. 

All of the following steps were pcrtormed at *C unles? otherwise noted. Tho di.-rupted cell pellet 
containing the hybrid KWln was partiaay solubilirco by tha addiSon of NP-40 to a final concentfatlon of 0.1 A 
(v*) to promote dirwtution of hydrophobic wgregates. An aOquot of the partially solubfbzed matenal. 
correspondino to 50 mg totel protein, was incubated with a rJurry of li>e resin cormsponrJinfl to 05 ml 
SEPHAR08E 1W tor 3 hr with end over end mixing. Non-spedflcalty bound material was removed Irom tho 
resin by repeatedly cvdlng It Into wash buffer (lOO mM Tris-CI. pH 7.4. SXTA glycerol. 0S% NP-40 and 
M%«3?. acid) TO. wos loftmod by succ^ve -ashes in 0.1 M Trir-C. to remove all traces of 
dnmrgenL Rrrcrily. the hybrid toxin was etuted by a short incubation with 4 M guamdme-HCI M 0.1 M Tns- 
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a, pH 7.4. This fraction was then dlalyzed exhaustively cgainst c Duffer containing 20 mM Tris-a. pH 7.4. 
0.i M NaCI and 0.25 mM reduced glutathione to promote proper refolding. 



6 Example 6 - Insertion of Toxin Gene Into Ptsnts 

The novel genes codina for the novel taf-ccbcidsl toxins, as disclosed herein, can bo Inserted Into plant 
cells utfna the Tr plnsmid from Aqrobacter tometea'ens . Plant cells can then be caused to regenerate into 
plan* (Z^bryski, P., Joos. H.. bentolla C. teemwo. Van Montague. M. and Sctieff. J [1983| CeH 
;o 32:1033-1043). A porticirfrrly useful vector in this regard is pEND*K (Klee. H J. Yanofsky. M.F. and Nester. 
E.W. [1985] Bio/Tech nokw 3;637-S42). Thir. pJasmid cm replicate both in plant cell* nnd in bacteria and 
has multiple cloning sites for passenger genes. The toxin gene, for example, can be inserted Into the 
Bamr* site of pEND4K s propagated In E. coK. and transformed Into appropriate plant cells. 



re 

Example 7 - Cloning ol Novel ft thuringiensis Genes Into Baculoviruses 

The novel genes of the Invention can be ctonetf Into bsculoviryses such a5 Autographa californlca 
nuclear polyhedrosfc virus (AcNPV). Plasmids can be constructed that contain m AcNPV genome cloned 

*o into r commercial cloning vector such as pUC8. The AcNPV grnome is modiried so that tho coding region 
of the poryhcoVfn gone fe removed and a unique cloning site for s passenger gone Is placed directly behind 
the pofyhedrin promoter. Examples of such vectors ere pQPB6874. described by Pennock ct rJ. (Permock, 
G.D., Shonmakw, C. nod Milter. LK. 118G4) Mol. Cell. Biol. 4:399^06), and pAC380, described by Smith et 
si. (Smith. Sumrnerr*. M.D. and rrsser. MJ. [1563} Mot OH. Bfol. 3:2156-2165). The gene coding for 

n the neve/ protein toxin of the invention cr*n be modified with GamHI linkers at appropriate regions both 
upstrnam and downstream from the coding region wd insortnd into the passenger site of one of the AcNPV 
vectors. Other baci/lovirurce can be used, e.g.. Spodoptera exigus nuclear polyhednosis virus (SeNPV) and 
HeBothis ?m nuclear poiyhedrosis vims (HtNPV). tech of those viruses if specific for its own host with fttlo 
activity (oTother insects SeNPV wfll infect Spodoptera exigua but not Hetlothis ^ea, and vice versa). 



Example 8 « Propagation of Viruarss 

The virv** are propagated by infecting the 5ppropriate larvae. Thin can be accomplished by direct 
to cppficMion of inoculum to the surface of diet cups end placing fourth instar larvae on the diet as described 
by Maruniak (Marwak, J.E. {1886] The Biology of Bcculovirusce. Vol. t. pp. 129-1;75, R.a Granados and 
BA F&icria, rds„ CRC Press). Larvae are then harvested at six dnys pest infection and NPV isolated as 
follows. The Inrvao ore collected, homogenized and Uttered through cheesecloth. The filtrate Is then 
ccmrifuged for 15 minutes at 8.000 xg. The resulting, pellel is resuspended in buffer that contains 0.01 M 
40 TnVHCf pH 7B and i .0 mM BDTA, <TE buffer). The sponsion is layered onto a 20-90% sucrose gradient 
and centrifuged for 60 mln at 100.000 xg. The polyhedra, tocclirrd as a defined band at approximately 
G0% t is removed and diluted in TE buffer. The polyhedra are then isolated by contrifugation for 30 min at 

10.000 xg. . 
The purified polyhedral pellet is resuspended in TE buffer and sikalf extracted with an equal volume or 

•k 02 M NajCOj pH 10 A 0.1 7 M iteCl and 1 .0 mM ED I A The extraction is allowed to proceed for 60 min at 
room temperature with contmuouc mixing. The torvni occluded virus alkali H berated or LOVAL are isolated 
by ccntrtfugtttfon and a 20-90% sucrose ct 100.000 xg for GO min. These represent single, double or 
multiply embedded virions. All bands arc recovered, diluted into TE buffer and comrifuged at 100.000 xg for 
60 min. The resuttinp pcHct if rosuspended in TE buffer containing 1.0 mM PMSF. 

» The polypeptide component* of the SeNPV and HzNPV LOVAL fractions are analyzed by 
polyacrytarmdr gel eiectrophercsis (PAGE) in the presence of sodium dodocyl sulfate (SDS) by the method 
of LaemmK (L?£mmii. U.K., (1970) Nnturc [London 1 227:CB0-G85i. The molocular weight*: drterrnined from 
the rplntive etectrophoretic mobilities ore ?hown in Table 5. Following the above procedures, we identified 
thirteen and fourteen polypeptides for the KzfMPV and SeNPV LOVAL prepaxrtons. respectively. 

35 * A bioassay of these preparations demonstrated mmtmai infcctiWiy of the SeNPV LOVAL In Hettothis zca 
larvae. The converse was also found to bo true; the infectivity of HzNPV LOVAL in Spodoptera odgua 
limited. 
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Example 6 - Construction of Hybrid Virus 

Virulence/specinclty ° f baculovfrures is conferred dv fusoacn components in tte virion envelope. Using 
known techniques for alteration of the tercet recognition of Epstoin-Barr virus with re-acMfciatcd Sendai 

■ phaptt. IM. « «. Scieece 2,9:1225-1228; VbWy. DJ ol 

Acad. Set U S A. 77:5453-5457; Voltfy. DJ. et a. [1979J Pioc. Natl. Acad. 8a. U.SA 75:5440-5444) we 
conrtructed a hybrid virus by ro-associstino so!ubi!i*ed envelope proteins from SeNPV LOVAL with HzNPV. 
■me procedure involved suspending the LOVAL fraction in 40 mM Tris-acetate pH B.0 containing 1-0 mM 
EDTA (TAE buffer). This suspension was incubated with octyl plucoptde \ 2 (w/w) at 37 C for 4 tv with 

w continuous shaking. Insoluble proteins were removed by centrifugatton for 60 min at 100.000 xg. The 
supernatant containing the solubilized viral protein? was combined with purified HzNPV LOVAL It (wAv>. 
The detcrgont wns removed by dialysis at *' C for 24 hr with 3 ctainges of TAE buffer. The hybrid virus 
wa« isolated by cemrUugation for GO min At 1 00. 000 xg through s 10% sucrose cushion. 

The rrnuftont hybrid virus was then used tD infect both Spodoptera exigua and Hetiothis zea larvae. The 

is results of this rtudy arc reported in Trbfo 6. Ttose data show thnt the hybrid HzNHv* ha? activity against 

Spodoprera exiaua that HzNPV does not 

To^n^Twhich polypeptide^) wnro forcible for contnrrino virulence, the octyl gtuooncft extract 

of SeNPV LOVAL wes radiolabeled with »«( end combined with unlabeled HzNPV LOVAL. An autoradiog- 
ram of the SOS-PAGE of the octyl ojucosida extract SeNPV showed three polypeptides present in the 

n soluble fraction. Similar analysis of the hybrid virus choired ^ three SoNPV proteins to bo associated with 
the HzNPV hybrid. The relative molecular weight* of these polypeptides as determined by clectrophorettc 

mobility are shovm in Table 7. 

We have demonstrated an alteration of NPV host range fuDowing construction of a hybrid virus. We 
conclude that one of the proteins contained in the octyl glucosWe extract confers virulence for Spodoptera 
26 cxigua to HzNPV. Thus, we have demonstrated trtft it is possible to confer virulence Tram one occtuoed 
NPV to another through re-association of envelope proteins. 

EKompIo to - Construction of a hybrid Toxin Using NPV Fusoggtic Protein to Replace flgrtjto tjwingie^ 
30 ste RnoognTtibn Protein 

Construction of the hybrid virus demonstrates that the protein?? in the envelope of the NPV are 
re-»onslble for altering the vhuteic* We have identified the three putative proteins involved with thi* 
recognition and purified them for determination of individual contribution to the recognition event necessary 

35 for the observed cltcr^on in virulence. TTris determination can be accomplished by constructing three 
different hybrid virures with the three individu&i purified proteins isolated from octytalucctfide fraction and 
HzNPV. as previously described. These are bioacseyed individually to determine which hybrid virus confers 
wutcfKe The protein responsible for recognition so identified can be purified and the amino add sequence 
determined from reverse phafe HPLC purified iryptfc fragments of the protein. The amino acid sequence 

40 can be used to construct oligonucleotide probes which can bo used to identity and isolate the gene that 
codes for the recognition fusogen from a gene library that is made to the viral ONA by standard molecular 
genetic techniques. The identified find isolated DNA then can be sequenced to define the open reading 
frame that code? for the protein. The DNA coding for the recognition fusogen can be doned into the hybnd 
toxin construct in place of tho B. thuringiensis recognition sequence using techniques described frequently. 

<s It is well known in the art that the amino acid sequence of a protein is determined by me nucleotide 
coquence of the ONA. Because of the redundancy of me genetic code, i.e.. more than one coding 
nucleotide triplet (codon) can bo w4 for most of the amino acids used to make proteins, different 
nucleotide sequencer, can code lor & particular smino add. Thus, the genetic code can bo depicted as 

fofoWEE 
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Phenylalanine (Phe) 


TTK 


KistWine (hk) 


CAK 


L/wne Qjsu) 


XTY 


Giutamine (Gin) 


CAJ 


leucine (He) 


ATM 


Aspcragine (Asn) 


AAK 


Mcthionlnp (Met) 


ATG 


Lysine (Lys) 


AAJ 


Valine (Val> 


GTL 


Aspsrtic acid (Asp) 


GAK 


Serine (Sftr) 


ORS 


Glutamic 3cffi (Glu) 


GAJ 


Proline (Pro) 


ecu 


Cysteine <Cys) 


TGK 


Threonine (Thr) 


ACL 


Tryptophan (Trp) 


TGG 


Alanine (Ala) 


gcl 


Argtnine (Arg) 


WGZ 


Tyrosine (Tyr) 


TAK 


Glycine (Gly) 


GGL 


Termination signal 


TAJ 







Key- Bich IHetter tieotynudeotide triplet corresponds to a trinucleotide of mRNA, having a 5 -end on too 

left and a 3-wid on the right AH DNA sequences given herein arc those of the strand whose sequence 

correspond to the mRNA sequence, with thymine substituted for uracil. The letter* stand for tha punm _or 

pyrfmfolno baeo* forming the dw^ynudootlde snquenru. 

A - adenine 

G ~ guanine 

C - cytokine 

T tt thymine 

X r TorCIf YisAorG 

X - CifYisCorT 

Y «■ A G> C or T if X is C 

Y A or G X If T 

W = CorAif YisAorG 
W-CilZisCorT 
2 - A, G, C or T rf W lr C 
2 = A or G if W is A 

OR * TC If S is A. G. C or T; alternatively 

OR - AG If S is T or C 

J * A or G 

K ~ T or C 

t. - A, T, C or G 

M A, C or T . 

The above show? that the novel amino acid sequence of the BX lo«n can be prepared by oquivaient 
nucieot.de sequences encoding the same amino acid sequence of the protein. Accordingly, the subject 
invention include* such equivalent nucleotide sequences. In addition it has been shown that prolcms of 
identified structure and function may be constructed bv changing the amino acid sequence if such changes 
do not alter the protein secondary structure (Kaiser. E.T. and Kezdv. f.J. [1984] Science 223*49-255). 
TTw* the subject invention include* mutants of the amino acid sequence depicted herein which do not alter 
the protein secondary structure, or If tho ntructum te altorcd. the biological activity is retained to some 
degree. 



Materials and Methods Used in the Biochemical Analysis of Hybrid Toxins 



so Materials 

The CP-1 cell line, derived from Choristonoun; fumiferana. was obtained from Ihe Canadian Forestry 
Research Laborstories (Dr. S. Sohi. Sault ste. Marie, Ont, Canada). Nicked diphtheria town was purchased 
55 from Caflrfochem (San Diego, CA). and radioisotopes roteucino *id «C*NAD) from OuPontnNEN (Boston, 
MA) at spednc activity of 308 and 600 rnCttnmoi. rrr^octfveJy. HD-73 Bacillus thurlitgiensis toxin crystals 
*ere isolated by NaBr gradient centrifuosflon. All other chemicals and reagents *ere of the highest 
commercially avaflnWr purity. 



20 



ER 0 3^0 948 Al ^ 

: : : • : : : . : 



Methods 



5 Cell Culturo 

CM cell culture stocks were maintained &t 28* C in 75 cm 2 T-flsekp with Grace's insect medium 
(GIBCO, Cornpton, CA) supplemented with 10% letof bovine serum, 2 mM L-Glutamine and 2.7 gm/1 
tryptoso broth powder (DIFCO. Oetroit. Ml), Cultures were pesseged dally by 1 :1 splits. 

;o 

Radioiodlnation 

The B4 kd toxic component of HD-73 was produced by digestion of KD-73 crystal? {1 moftnl) dissolved 
is in 50 mM CAPS buffer (pH 11) with trypsin (0.1 mg/ml). Digestions were* conducted at 37' C on a shaker 
balh for 3 nr. foltovred by dialysJr ngatnst a 20 mM glydne-Tris buffer (pH B.5). RidioiodinmionR wem 
conducted in a reaction mix comp/ir^d tOO ug tOKin. 50 ug chloramme-T. 1 mCi of Na'^-f and sufficient 
volume or 100 mM NaPl buffer, pH 7.0 to ghro & t.0 ml final volume. The mixturo wcr. reacted fit 4* Q for 5 
minutes, the subjected to centrifugaJ filtration (Ck^tricon, by Amicpn; Oanvers. MA) to remove unbound ,iS l. 

30 

Cyanogen Bromide Digestions 

To 7 mg of HD-73 64 kd to*in was added e ml ot ee% formic acid and 212 mg or CNBr. The mixture 
25 was rractod for 24 hr at 25" C in the dark, tbr.n cjislyzcd w?airtft frvc 2-1 changes of 20 mM glyeine-Tris 
buffer^ pH 6.6. 



Binding Assays 

30 

CF-l colts vtoto harvested by ccntrifugatron snd resuspended at a concentration of 2.94 x lO'/ml in 
Tyrode's solution (in gm/l: NaCI, 7.0: CaCfeJZHaO. 0.2; NaH 2 PO*. 0.2; KCI. 0.2: MgCt2.6H 2 0. 0.1; HEPES. 
4.8; glucose, 8.0; pH 6.3) containing 1 mg/ml bovine serum albumin, for oinding assays, 450 uJ of ceil 
suspension wa? incubated with 50 ul of unlabeled toxin or CNBr drgnst at various concentrations for 20 min 
so at 25* C, then with 25 ul of lodinaied toxin for &n cddilionsl 20 min. The cells wore .then recovered and 
washed (3 x 5 ml or 50 mM CAPS buffer. pH 11) by vacuum filtration on Whatman GF/A filter discs, and 
cell-bound rndfonctivity was cru.mttotetf by liquid scintillation. Control binding was determined as described 
above but In the absence of competing ligand. Psckground binding to the filter discs was determined from 
incubations performed in the absence of cells. 

AO 

EF-2 Ribosytation Assays 

Elongation factor 2 (EF-2) war extracted trom raw wheat germ end partially purified es previously 
4$ described (Legocki. /tS. [I970J Methods EnzymoL 50:703-712). "C-NAD was diluted to a specific activity 
of 240 mCl/mmol with deionized wirter. RiDosytetion assays were performed in a final volume of 200 ul 
containing 170 ul of EF-2 (0.6 mg), 20 ul of hybrid toxin or diphtheria toxin (control) and 10 (il of 1C C-NAD. 
Toon and EF-2 were Incubated at 37* C for 20 minutes, followed by the addition of •♦ON AD and 
rubscqurnt incubation for 30 minutes *t 37' C. The reaction was stopped by the addition of 3 ml of ice-cold 
so 5% m'rjhtoroacptic rod (TCA). and the precipitated protein war. collected by vacuum filtration on GF/A filter 
diner-, which were courrtnd by liquid .^ntillation 



"OLoucinn Incorporation into Protein m CF»i Cell? 

Incubations wore typically conducted in t volume of 500 ul containing 450 ul of CF-i ceEis suspended 
In coll medium at c concentration of 5 x ia*/mi and 50 ul ol hybrid toxin, diphtheria toxin, HD-73 or 
nppToprintn buffw control. At varying intervals. 100 ul aJiquots were withdrawn and incubated with 10 ul of 
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^C-loucin© for 30 min. Cells were pelleted by cemrifugarton. discarding the supernatant. The cell pellet was 
solubilized by the addition Of 200 ul of 0.1 N KOH, cod protein vrc? precipitated by the addition of 200 Hi of 
tce<old ?SFfr TCA. /tfter 15 min on ice. the TCA precipitate was collected by vacuum fiftratian on Whatman 
dine? (Whatmsn Laboratory Product*. Clifton. NJ) and war.hnd twice v/ith 3 ml of cotd 10% TCA. Filter 

5 discs woro counted for radioactivity as described eteowliere. 

Autoradiograms developed from SDS-PAGE gels of radioiccEn.ttod HD-73 demonstrated labeling of the 
64 kd active toxin protein produced by trypsin digestion. The specific activity of labelinn was estimated to 
be 3 x tO 1 * cpm/mol- Figure ?. shows that unlabeled HD-73 competes with the labeled toxin for binding to 
CF-l cdls with an fCso of 35 ngfmX. In addition, binding ol radiolabeled tox/n equilibrated rapidly (< 5 min), 

to and was not reversed by wash out procedure?. Saturation studies gave nn estimate of > 1 x 10* binding 
sites per cell. These findings demonstrate specific binding of the radiolabeled 64 kd tryptfc peptide of HD- 
73 to CF-1 insect cr\\s tn culture. The 64 kd component is therefore considered a viablo candidate lor the 
binding site recognition portion of a hybrid town construct. 

In order to further dclrrroate the binding site recognition domain of the 64 kd town, CNBr digestions 

y$ wen? performed to generate smaller peptides for analysis. Following dialysis through a 14 kd cutoff 
membrane, w# obt&rmd peptides of 18 end 19 kd mnlccufar weights as evidenced by SDS-PAQE. Binding 
experiments with CF-i cells demonstrated that this peptide mixture partially compotes for iodfnated 64 kd 
binding (Figure 3). It Is therefore: likely that the binding domain of HO-73 can be mapped to 3t least one of 
these two CNBr-gewatod peptides. 

so Figure 4 gives (hr? concentration dependence for diphtheric toxin - stimulated AOP - ribosylation of 
. wheat germ EF-2. HrJf maximal ribosylation was obtained at a diphtheria toxin concentration of 0.8 ng/mJ. 
The extent of ADP-ribosylatlon at saturating diphtheria toxin concentrations was quite reproducible In our 
hands, and was therefore used as an inttex for qusnu'teting hybrid toxin-catalyzed ribosylation. Figure 5 
gives the results for such oVTtcrminations. showing ll»at t|uartor- «*nd hall-length hybrid toxins are roughly 

25 equivalent Him respect to thoir ribosylation capacities, though 5000-fold less potent than diphtheria toxin 
However, uncertainty in the relative purity of the hybrid toxin preparation makes the latter comparison 
approximate, and aimort ccrtrunry represent a low end estimate of potency. 

Figure 6 demons trains the inhibiting effect of HD-73 toxin on the incorporation of radiolabeled leucine 
into protein in CF-1 cells. Half-maximal inhibition was obtained sr art HD-73 concentration of 40 up/ml, in 

7v good agreement with the binding data presented above. Additions! concurrence between HO-73 binding and 
inhibition of protein synthesis was established for the time-course 2nd irreversibility of the inhibitory effect. 

Incubation of CF-1 cells with quarter- and half-length hybrid toxins results in a sfowly developing 
inhibition of protein synthesis (Figure 7). From the 24-hour exposure data, we estimate a 50-fold Increase in 
potency for the quartrMRngth and c 1 00-fold increase for the halWwgth hybrid toxin over that established 

as for HD-73. The lengthened time-course and increased potency observed for the hybrid toxins Indicate a 
mechanism of action distinct from that ol HD-73. Furthermore, diphtheria toxin does not inhibit protein 
synthesis in CF-1 cefi? at concentrations up to 200 ug/mL It is therefore unlikely that the inhibition produced 
by the hybrid toxin preparation? I; related to either the diphtheric or toxin domains by themselves, as 
might be the case If these two portion?: of the hybrid construct dissociated under experimental conditions. 
Rather, wc conclude that these findings demonstrate an inhibitory mechanism vniqvv to the Intact hybrid 
toxins. 

The various methods employed In the preparation of thn ptesmids and transformation of host organisms 
are well known in the art These procedures are afl described in Msriatis. T.. Fritsch. E.F., and Sambrook, J. 
(1982) Molecular Cloning: A Laboratory ftfcnual. Cold Spring Harbur Ubomtory. Mew York. Thus, it Is within 
the skill of those in the genetic engineering art to extract DNA from microbial cdJs, pcrrorm restriction 
enzyme ojgectiorrs, dectrophorese DNA fragment?, tail and anneal plasmid and insert ONA. fast© DNA. 
transform cells, prepare pbrmid ONA, electmphorese protoins, and coquonce DNA. 

The restriction enzymes disclosed heroin can be purchased from Bcthcsda Research Laboratories, 
Gaithersburg, Maryland, USA, or New England Bioiabs. Beverly. Massachusetts, USA. The enzymes are 
so used according to the Invention provided by (he supplier. 

A subcuftLtm of sn EL coil host containing plasmid p20. also known as pMYC26, has been deposited in 
the permafl&tt collection of the Northern Research Laboratory, U.S. Department of Agriculture. Peoria, 
Illinois. USA. E. coll H8101 (pMYC26) wc? deposited on 16.0538 and has the accession number NRRL B- 
18367. It was^prevlously on deposit m thr Mycogen Corporation Culture Coftocfion at San Diego, California, 
55 USA. The plasmid can be obtained from the host by u$r> of standard procedures, for example, using cleared 
lysate-isopycnic density gradient procedures. 



CJafms 



1. A hybrid postictal protrtn toxin comprising e cytotoxic ageni and a psst gut epithelial cell 
recognition portion of a protein. 
5 2. A to»n according to claim t, wherein the cytotoxic agent is a ribosomc-fnactlvating enzyme 
obtainable from a seed ol barley, rye, com or wild bean. 

3. A toxin according to claim 1 , wherein the cytotoxic agent is a ribosome-inacliv3ting enzyme selected 
from rida dtanthin. saporin. gefonin, triKn, abrin ;ind modeccin, 

4. A toxin recording to claim I, wherein ths cytotoxic &gent is an ADP-ribosyleting enzyme, 
id 5. A toxin recording to cirim 2, wherein the en^me is diphtheria toxin. 

6. A toxin .-according to claim 5. wherein iho toxin comprise? the A fragment of the diphtheria toxin, plus 
the B fragment of the diphtheria torin which has been truncated at thr cnrboxyl terminus to rrsmove the 
eufcaryotie recopnftion region. 

7. A toxin according to any preceding ctelm. which I? a Eaciflug tnuringiensts protein toxin. 

is 8. A toxin recording to claim 7 which is expressed by & gr-ne fragment from Bacilkg thuringiensis w. 
kurstokl HD-73. 

9. A toxin recording to £ny pr60*ding ctam, wherein the cytotoxic agesnt and the protein portion are 
linked by a peptide linker whose length and amino-acid composition are puch as to minimise susceptibility - 
to Insect protease cleavage. 
so 10. A toxin according to ctfum 9, vrheroin the peptide linker comprises no more than tour amino-acids. 
tt. A toxin according to claim 9 or daim f Q, wherein tho poptido linker contains no lysine residue. 
12. DNA encoding a half-length hybrid B.t. toxin having the toRowtng smino-acld sequence: 
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13. DNA encoding a quarter-length hybrid EM. town having the following omino-acid sequence: 
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14. DNA nccortfinp te claim 12, havino the following nucleotide sequence; 
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t?fl 130 1*0 150 1^0 

_ ftrt j»n 22p 230 240 

250 

330 340 



Jkcc ^* A ATAC«^ 



J60 «0 380 J50 WO 

^^ATCCAOACTC^ 

770 780 7^0 800 

49n f»30 940 

cc^tcc^attccct^^ 

"«0 10«0 W ^^^^roxcmWTWTTOCT^CTAXTCCAT^^AG 



CCMaAmkCACAAGACfcTACKCCACMTCAATJ 



.. j, 70 iibo 1190 1200 



Tl?D 1330 13*0 1350 1360 



AXAA 
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1530 1540 1550 1500 1570 1510 15*0 1*00 

TwaTr^mccrcrrrccxxcxCTTTc^^ 

1610 1630 1630 1640 1650 1M0 1670 1680 

CTACTTTTTCCAtXCTCC^CTCAGOTCATAGX^ 

16*0 1700 1710 1720 1730 1740 1750 1760 

ATCTAtACCGA^CrCATAtaXCTTATt^^ 

1770 17B0 1790 1800 1010 1620 1830 2840 

AGA*TTCXCTtTTCCGCTXTATKC\XCI^^ 

1850 I860 1870 1880 1890 1900 1910 1920 

TGTBTAGAACATTATCCTCCACTTTATATAC^ 

1930 15)40 1950 I960 1970 1980 MO 2000 

CCCAXUGAATTTCCTTATCCAJICCTCCTCAAATXTCCOUrc 

2010 2020 203 & 7040 2050 2060 2070 2080 

TCAAATACOXrACAOAATAACAACGtottACCTA^^ 



200 0 7100 2110 IV.0 2130 . 2140 2150 2160 

CAS«3TrAgI^TACTAgrcttAACT^ 

2170 7180 2190 2200 2? 10 2220 2230 2240 

ATAATTCCATCCSArA^TrACrC^ 

2250 2260 2270 22P0 2290 2300 2310 2320 

AGGATTTTACTGGI^^CACTTAGTr^ 

2330 7340 2350 2360 2370 2380 2390 2100 

TTCA^TPCa^TCCACATCTACtAOATATtX^^ 

2410 7420 2430 24*0 2450 7460 2470 2480 

TCC&CTAATTCATCCA' Ji VI 1 1 ' I' CC AArACAgTACCACCTACAG CTACcrTC^TTAC ATAATCTACAATCAAgrCATTtTGC 

2490 7500 2510 257-0 7530 2540 2550 2560 

TTATTTTGAAAOTCO CAATGCTTTTACATCITC 

2570 2580 7590 2600 7610 2020 

TCATMTACACACArttCAATTMTOrACmCTKUAC^CW 



15. DNA according to claim 13. havinp tto Following nucleotide sequence: 



10 20 30 <o 50 60 70 ao 

90 100 110 170 130 140 150 160 
TGATlMCTTCTrCATTCTTCTA^ 

170 180 190 200 210 220 230 240 
Airc^TTOUUUUOTATACAAAAGCaiAAA^ 

250 260 270 280 790 300 310 320 

aot:acaataaata£cacgcigotc^tactc^^ 

330 340 350 360 370 380 390 400 
ACTCACCTATCCAGCACTCA CC AAOGTl L'X LkCACIAAAACTGSATAATCC CGAAA C%ATTAACAAACA*nTACCTrTAA 

410 . 420 430 440 450 460 470 490 
CTCTCACrCAACtCTTCATOZACCAAG^ 

490 500 510 520 530 540 550 560 

CTCAcaOTcccrixxCTcaccca^ 

570 580 590 600 61P 670 630 640 

AgTTCACATTAATTTTtatAACCnTItSCAAAA 
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C?0 660 670 660 690 700 Ho 720 

ATCCTCTCXC C ATCACTACCJTAGCXCATTCTCXTG CATAAATCTTC ATTCCCXTCTCATAACCC ATAAAACTAAG ACA 

7)0 740 #50 760 770 7*0 790 600 

AACATACAfTCTTFGAAACAGCATOTCCCTATCAAAAATAA^ 

010 B20 R30 R*0 850 660 870 360 

AGCTAAACAATACCTAGAAfiAATTTCATCAAAC 

090 900 9X0 920 9*30 940 960 960 

CCAATCCTGTATTCG CTCG GCCTAACtATCCCCGGTCG P CACTAAACGTTCCC CAACTTTATCG ATAGCG AAACAGCTC AT 

970 780 990 1000 1010 1029 1030 1040 

AATTIt^AAAACACJ^CTCCTtTCXCTrrCG 

1050 1060 1070 1000 XOffO 1100 1110 Xl20 

CCACAATA^tUACACATJWrrO^ACAATCAATA^^ 

1130 1140 1150 U60 1170 11 BO 110 0 1200 

AGCTA<nTGr»TATTCCtTrCCCTGCATAlAATm 

1210 1210 1230 1240 1250 1Z60 .1270... .1280 

AATCCTCCCECCTATTCTCCC6(kJC*TAAA 

1290 1300 1310 1J20 1330 1340 13A0 1360 

acattccatajvtcc&aactgcttttcaaccota 

1370 13«0 1390 X400 1410 1470 1430 1440 

TTCCG*OTCTCOTACttACa»CTA*rCCT^^ 

1450- 1460 1470 14B0 1490 1500 1510 1520 

25 AAAATAAC^TCCCTra^A^m^ 

1530 1540 W50 15*0 1370 1580 ISOo 1600 

TGTCCATCCACGTGCACCTCCTATCTTCXCrt^ 

1610 1630 1630 1640 1650 1660 1670 1680 

39 TTACrCAAArCgCTgCACTCAACCaAAA ^n ' l ' CTrX 1 i ' A ATOCTTCTCTAATrrCACC ACGAeCATTTAcrCCtCCCRAC 

1600 1700 1710 1720 1730 1740 1750 1760 

TTACTTACATTAAATACTACrrCCAMTM 

1770 1780 1790 1000 1810 1820 1830 1840 

35 TACCACATAXCCAiCTTC<5TGTAC<M^TG^^ 

1850 1B«0 W70 1BB0 1390 190 0 13 10 

TrTCCAATACACTACCACCTAGA6CTACGTCATTA£A^ 

1930 1940 1950 1060 1970 I9fl0 1990 2000 

CCrmACATOTPCATD^ 

2010 J020 2OJ0 2040 

ArTTATTCCAOTFACTCCAAXyiCTCCACrr^^ 

10. A toxin nctfve against lepidopteran insects, having the amino-acid sequence shown in daim 12 or 
45 drum 13. or a mutant tnereol which has an unaltered proNn secondary structure and/or at least part of the 
blofogfail activity. 

17. A recombinant DNA tmnsfer vector comprising DMA having an or part of the nucleotide* sequence 
which cooc? for tho rmino-acid sequence shonn in claim \Z or claim 13. 

18. A ONA transfer vector according to claim 17, transferred to end replicated In a prokaryotic or 
50 eukaryotic host 

19. A mrcrwroenism capeble of expressfno, 3 toxin having the amino-add sequence shown in claim 12 
or ctefm 1 3. 

20. A microorganism trensformed win a DNA transfer vector comprising a cytotoxic agent and a protein 
portion or- dftTuwd in any of claims i to n . 
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21. A micrDorgcnlsm according to ctnim 13 or cfcim 20. which is a specie!: of Pscmdomonas, Aaobacter . 
erwfnia. Serrati.% Kl ebsiella , Rhirxbium . Rhodoprcudomonas. Momyfophflius . Agrobacterium, Acetobacter or 
AE^rSsTTproJc^yoiF seipctedTrorn (jitcwbacteriaceae, Bccillaceafl. RhiTobiaceae. Splnlteceae, UK> 
toSSiiaowo. Pseuttomonodaceae. Azotoboctoraceaf; and NitrotvTCteraccnc; or a lower eukaryote solved 
from Phycomycetcr . Ascomycetes nnd Brsidiomycctcs 

27- A microorganism according to do>m 21, which is Pseudomonas> c.p. Psaudcynonas TH/oresceng . 

23. A microorganism according to claim 19 or claim 20. which is & pigmented bacterium, yeast or 
fungus, 

24. A microorganism *iccording to any ol claims 1 9 to 23. wrricri is pigmented and pm/lloplane-adhertnL 

25. Substantially intact cells of a unicellular microorganism according to my of claims 19 to 24. 

containing the toxin. , 

26. Cells accorcTmp to claim 25. as obtained by treatment with iodlnr? or other chemical or phyac&l 
means to prolong tpr incccticfda! activity in the environment- 

27. A method for controlling insects, which comprises administering to the insects or to their 
environment a microorganism or cells accortfng to any of claims 19 to 26- 

26. A mctrtOd according to claim 27. wherein th$ insect? belong to the order of lepidopt&r^ cofeoptera, 
dlptera, hemiptero. def mapterx or orthoptera. 

29. A method recording to claim 27. wherein the insects are arachids. gastropods or worms. e.g. 

nematodes or platyhelmirrths. 

30. A method according to any of claims 27 to wherem adniinistrc4ion is to the mizosphere. (o the 

phyJIoplane. or to a body of water. 
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Figure 2 
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Figure 3 
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Figure 5 
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Figure 6 

HD-73 Inhibition of Frotein Synthesis in CF-1 Cells 
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Figure 7 
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